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THE   WHEAT    STEM    SAWFLY 


Federal  and  State  agricultural  scientists  are  working  together  in  a 
determined  effort  to  check  the  destructive  wheat  stem  sawfly  1/  that  is  at- 
tacking wheats  in  the  northern  Great  Plains. 

In  Montana  and  North  Dakota--the  areas  of  heaviest  infestation- 
current  annual  losses  amount  to  about  8  million  bushels,  or  nearly  $17 
million.  In  other  States  where  the  insect  occurs,  damage  so  far  is  rela- 
tively minor. 

Control  is  complicated  by  the  fact  that  the  sawfly  spends  most  of  its 
life  cycle--from  egg  -to  adult--within  the  hollow  stem  of  the  wheat  plant. 
Damage  is  caused  by  the  larvae,  or  immature  forms,  which  feed  on  the 
inner  walls  of  the  stems.  Their  feeding  has  two  effects:  (1)  It  prevents  the 
heads  from  developing  fully,  thereby  reducing  the  number  of  kernels  and 
their  weight,  and  (2)  it  cuts  the  stems  just  above  the  ground,  causing  them 
to  fall. 

Originally,  the  sawfly  fed  within  the  hollow  stems  of  native  grasses, 
such  as  wheatgrasses,  bromegrasses,  and  wild  ryegrasses.  But  with  the 
settlement  of  the  Plains,  and  the  plowing  and  seeding  of  large  acreages  to 
wheat,  it  included  wheat  among  its  hosts  plants.  Hard  red  spring  wheat  is 
now  one  of  the  insect's  most  preferred  foods.  In  the  winter  wheat  belt  of 
the  United  States,    the  sawfly  still  favors  native  grasses. 

The  insect  attacks  winter  wheat  in  Montana  and  it  also  infests  the 
durum  wheats  and  rye.  Barley  and  oats  are  more  or  less  resistant  to  saw- 
fly  attack. 

Measures  now  available  for  controlling  the  wheat  stem  sawfly  are 
only  partially  effective.  To  get  a  clear  picture  of  what  is  being  done  to 
develop  more  effective  control  measures,  it  is  necessary  to  understand  a 
little  of  the  insect's  life  history. 


1/  Cephus  cinctus.  In  the  northeastern  part  of  the  country  the 
black  grain  stem  sawfly  (C.(  Trachelus)  tabidus)  and  the  European  wheat 
stem  sawfly  (C.   pygmaeus)  are  serious  pests  of  wheat. 
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HOW   THE   SAWFLY   DEVELOPS 


The  sawfly  produces  only  one  generation  during  a  growing  season, 
and  spends  all  but  1  or  2  weeks  of  the  year  in  the  wheat  stem.  Its  life 
cycle  consists  of  the  following  stages:    Adult,    egg,    lai-va,    and  pupa. 

Adults  are  winged,  black  and  yellow,  and  wasplike,  and  about  1/  3 
inch  long.  They  emerge  from  the  old  wheat  stubble  in  June  and  July;  the 
females  fly  to  the  growing  wheat  to  lay  their  eggs.  They  puncture  the  stem 
with  sawlike  ovipositors,  and  each  lays  an  average  of  21  eggs  in  the  tubu- 
lar  hollows   within   the  stems.     The  eggs  hatch  into  larvae  in  7  to  10  days. 

Larvae  are  legless,  milk-colored  grubs,  which  are  1/2  inch  long 
when  full  grown.  As  they  feed,  they  tunnel  the  stems  and  leave  powder- 
like borings.  When  more  than  one  larva  infest  a  single  stem,  they  battle, 
and  only  the  strongest  one  survives. 

Larvae  finish  their  feeding  inside  the  stems  as  the  grain  begins  to 
ripen  (the  end  of  July  and  the  beginning  of  August).  Then  they  move  to  the 
base  of  the  stems  and  construct  cells,  in  which  they  overwinter.  The 
stems  break  off  above  the  cells,  thus  providing  a  means  of  escape  for  the 
adults.  The  following  spring  the  larvae  transform  into  pupae.  Adults 
emerge  in  7  to  10  days. 


WHAT   IS  BEING   DONE 


Entomologists,  plant  breeders,  agronomists,  and  plant  pathologists 
of  the  United  States  Department  of  Agriculture  and  of  various  State  agricul- 
tural experiment  stations  have  been  hard  at  work  on  the  development  of 
sawfly  control  ntiethods  for  several  years.  They  have  benefited  materially 
from  the  work  of  Canadian  scientists  who  developed  the  solid-stemmed  re- 
sistant Rescue  variety  and  first  reconnmended  cultural  methods  of  control. 
The  sawfly  has  been  a  serious  problem  in  the  provinces  of  Alberta,  Sas- 
katchewan,   and  Manitoba  since  the  early  nineteen-twenties. 

The  Department  of  Agriculture  in  1949  established  field  stations,  in 
cooperation  with  the  North  Dakota  and  Montana  Agricultural  Experiment 
Stations,  at  Minot,  N.  Dak.  ,  and  at  Choteau  and  Bozeman,  Mont.  ,  in  order 
to  study  the  sawfly  problem  in  the  area  where  it  was  most  serious. 

As  a  result  of  research  conducted  by  the  Canadian  and  United  States 
scientists,  growers  have  been  advised  of  certain  cultural  practices  that 
help  reduce  losses.  Early  harvesting  minimizes  the  breakage  of  stems. 
Shallow  plowing  of  the  stubble  in  the  fall  will  kill  some  of  the  larvae;  deep 
plowing  in  the  spring  will  kill  overwintered  larvae  and  trap  young  adults. 
Seeding  sawfly  resistant  varieties  of  wheat,  such  as  Rescue,  is  effective 
where  damage  is  heaviest. 


But   the   ultimate    solution   to   sawfly   control   lies  in  research  now  in 
progress.     Current  investigations  have  the  following  objectives: 

1.  To  find  varieties  of  wheat  resistant  to  the  sawfly  and  use  them  in 
the  development  of  varieties  that  must  also  be  resistant  to  rust 
and  smut,  must  be  good  yielders,  and  must  possess  good  milling 
qualities. 

2.  To  determine  the  geographical  distribution  and  the  abundance  of 
the  sawfly. 

3.  To  determine  what  stage  of  the  sawfly's  life  cycle  is  most  vulner- 
able to  attack. 

4.  To  evaluate  the  importance  of  natural  enemies,  particularly  in- 
sect parasites. 

5.  To  develop  practical  methods  of  insecticide   control. 


Resistant  Varieties 


The  most  promising  study  in  sawfly  control  thus  far  is  the  search 
for  resistant  germ  plasm  and  the  plant  breeding  work  to  develop  resistant 
varieties,  by  the  United  States  Department  of  Agriculturein  cooperation 
with  North  Dakota,  Montana,  and  Minnesota  Agricultural  Experiment  Sta- 
tions. The  research  goal  is  the  production  of  good-quality,  high-yielding 
wheats  that  are  resistant  not  only  to  the  sawfly  but  also  to  stem  rust,  leaf 
rustt'and  stinking  smut. 

Actually,    a   sawfly-resistant  variety  exists   in    Rescue--a    wheat  de- 
veloped by  Canadian  scientists.     It   is  being  grown  extensively  in  northern 
Montana,    and   on  smaller   acreages   in  northwestern  North    Dakota.     It  is 
resistant  to  the   sawfly  because  of  its  solid  stem,     which  makes  it  difficult 
for  the  larvae  to  feed  on  the  plant. 

But  Rescue  has  certain  undesirable  qualities  that  restrict  its  use- 
fulness. It  lacks  adequate  resistance  to  rust,  which  prevents  its  use 
eastward.  The  solidness  of  the  stem  is  affected  by  variations  in  light, 
temperature,  and  moisture,  and  by  certain  fertilizers.  In  general,  it  is  a 
lower  yielder  than  the  American  hollow-stemnned  varieties,  and  does  not 
have  the  milling  qualities  demanded  by  millers.  Canadian  and  United 
States  scientists  are  working  to  improve  its  milling  qualities. 

Regardless  of  its  shortcomings.  Rescue  has  provided  American  plant 
breeders  with  their  principal  source  of  resistance  in  developing  varieties 
adapted   to   the   hard   red   spring  wheat  belt  of  the  United  States.     The  fact 
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that  there  is  sawfly  resistance  in  wheat,  and  that  this  resistance  can  be 
transmitted  to  other  varieties  by  ordinary  breeding  methods,  indicates  a 
pronnising  approach  to  sawfly  control. 

More  than  9,  000  of  the  Department's  world  collection  of  about  15,  000 
wheats  have  been  screened  for  new  sources  of  sawfly  resistance.  A  num- 
ber of  wheat  varieties  have  already  been  found  to  be  as  resistant  a^  Res- 
cue.    Of  these,   all  but  one  are  solid  stemmed. 

Some  of  the  wheats  have  been  crossed  with  commercial  varieties 
grown  in  North  Dakota  and  Montana.  Selections  from  these  crosses  are 
being  tested  for  resistance  to  the  sawfly  and  to  diseases.  The  best  of  the 
varieties  will  be  tested  for  yield  and  quality. 

One  cross  at  Minot  shows  promise  of  combining  resistance  to  the 
sawfly  with  resistance  to  stem  rust  race  15B. 


Distribution  and  Abundance 


Surveys  have  been  made  since  1947  by  research  teams  to  determine 
the  extent  of  infestation  of  the  wheat  stem  sawfly.  The  insect  has  been 
found  in  either  wheat  or  in  grasses  in  all  counties  of  North  Dakota,  South 
Dakota,  Nebraska,  Wyoming,  Colorado,  and  Utah,  and  in  42  counties  in 
Montana,  27  counties  in  Kansas,  8  counties  in  Minnesota,  and  1  county  in 
Iowa. 

Specimens  of  the  wheat  stem  sawfly  have  also  been  collected  at 
widely  scattered  points  in  Oregon,  Washington,  California,  Idaho,  Arizona, 
New  Mexico,   Illinois,   Missouri,   Nevada,   Michigan,   and  Ohio. 

An  intensive  survey  of  the  North  Dakota-Montana  area  was  made  at 
the  end  of  the  1952  harvest  period.  Two  samples  of  wheat  were  examined 
in  each  of  10  well-distributed  fields  in  each  county.  One  sample  was  taken 
near  the  edge  of  the  field  (within  the  first  few  drill  rows),  the  other  at  ap- 
proximately the  center  of  the  field. 

From  these  samples,  researchers  calculated  the  percentage  of  in- 
fested stems  and  the  number  of  unharvested  wheat  heads  per  square  foot 
in  each  field.  The  heaviest  infestations  (with  as  many  as  80  percent  of  the 
wheat  stems  infested  in  sonne  fields)  were  pinpointed  in  Montana,  just  east 
of  the  Rocky  Mountains,    and  in  northwestern  North  Dakota. 

During  the  course  of  the  various  surveys,  studies  have  been  made  of 
factors  that  might  influence  the  distribution  of  the  pest,  such  as  elevation, 
soil  type,    temperature,    rainfall,    and  host  plants. 

The  sawfly  has  been  found  at  elevations  ranging  from  sea  level  in 
California  to  over   8,  000  feet   in  the  Rocky  Mountains  of  Colorado.   It    has 
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been  found  in  native  grasses,  especially  western  wheatgrass,  growing  in  all 
types  of  soil,  including  the  heavy,  black  soils  of  the  Red  River  Valley  and 
the  extremely  sandy  soils  of  the  Sand  Hills  of  Nebraska.  It  has  been  found 
under  varying  climatic  conditions --from  the  temperate  weather  of  south- 
ern California  to  the  extreme  cold  of  North  Dakota  and  Montana.  It  has 
been  found  in  the  Willamette  Valley  of  Oregon,  where  the  rainfall  is  more 
than  40  inches  annually,  and  in  the  arid  regions  of  Wyoming  and  the  South- 
west. 

Researchers  conclude  that  the  sawfly  can  flourish  in  a  wide  range  of 
elevations,  and  in  any  soil,  temperature,  or  climate.  But  the  favored  host 
plants,  particularly  western  wheatgrass,  have  considerable  influence  on 
the  distribution  of  the  insect. 


Biology 


Entomologists  have  been  checking  on  the  biology  of  the  sawfly  for  a 
possible  key  to  its  control.  They  are  studying  its  development,  habits, 
host  plants  (both  wild  and  cultivated),  natural  enemies,  and  reactions  to 
different  environmental  conditions. 

In  1954,  adult  sawflies  were  "tagged"  with  radioactive  P^  and  re- 
leased in  a  field  near  Choteau,  Mont.  They  were  later  recovered  about  one 
m.ile   from   the   point   of  release--twice  the  distance   previously  recorded. 

In  tests  conducted  at  Winner,  S.  Dak.  ,  in  the  winter  wheat  belt, 
larval  mortality  sharply  increased  when  the  moisture  content  in  maturing 
wheat  plants  dropped  below  30  percent.  The  wheat  matured  too  early  for 
the  larvae  to  become  full-fed.  This  study  probably  explains  why  the  saw- 
fly  has  not  become  established  in  the  main  winter  wheat  belt,  where  the 
maturing  wheat  normally  has  a  moisture  content  of  less  than  30  percent 
before  the  larvae  have  completed  growth,  and  suggests  the  possibility  of 
controlling  the  insect  on  spring  wheat  with  early-maturing  varieties. 


Biological  Control 


Certain  insects  are  controlled  by  releasing  parasites  that  feed  on 
them.  Entomologists  are  studying  the  possibilities  of  biological  control  in 
connection  with  the  wheat  stem  sawfly. 

More  than  20,  000  insect  parasites,  obtained  from  foreign  countries, 
were  released  in  heavily-infested  fields  in  the  vicinity  of  Minot,  N.  Dak., 
and  Choteau,  Mont.,  during  1952-54.  About  17,000  were  of  the  species 
Collyria  calcitrator,  which  parasitizes  the  sawfly  egg;  and  3,  000  were 
Bracon  terebella,  which  parasitizes  the  larva.  Samples  of  sawfly  larvae 
are   now   being   collected   from   the   points  where  the   parasites    have  been 
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liberated  and  reared  to  determine  the  effectiveness  of  these  parasites, 
C.  calcitrator  has  been  found  parasitizing  the  sawfly  in  the  vicinity  of 
Minot,    and  has  been  successful  in  surviving  a  winter  in  that  area. 

Studies  are  also  being  conducted  with  native  insect  parasites  which 
destroy  the  sawfly  in  native  grasses  as  well  as  in  wheat.  Seven  species 
have  been  found  attacking  the  sawfly  in  an  area  comprising  Montana,  North 
Dakota,  South  Dakota,  Minnesota,  and  Nebraska.  Two  of  these  parasites, 
Bracon  cephi  and  Pleurotropis  utahensis,  have  been  recorded  as  widely 
dispersed  over  the  area.  One  species,  B.  lissogaster,  which  inhabits  an 
area  in  north-central  Montana,    has  only  recently  been  discovered. 


Insecticides 


The  sawfly  is  difficult  to  attack  directly  because  it  comes  out  of  the 
wheat  stem  only  one  or  two  weeks  of  the  year.  Entomologists  have  been 
testing  many  insecticides,  including  DDT,  BHC,  parathion,  toxaphene, 
endrin,  chlordane,  dieldrin,  and  heptachlor,  for  their  ability  to  penetrate 
the  stems  and  kill  the  larvae.  Dieldrin  and  heptachlor  seem  to  be  the 
most  effective  ones  tested,  but  neither  controls  the  sawfly  when  applied  in 
safe,   practical  dosages. 

Several  aromatic  oil  solvents  were  also  tested  as  penetrants  of  wheat 
stems.  One  of  them  was  mixed  with  dieldrin  and  applied  as  a  spray  at  the 
rate  of  2  pounds  of  dieldrin  per  acre.  Results:  24  to  76  percent  larval 
control.  In  general,  5  pounds  or  more  dieldrin  per  acre  have  been  neces- 
sary to  effect  a  high  degree  of  control. 

Entomologists  are  not  discounting  the  possibility  of  controlling  adults 
during  their  flight  over  the  fields  and  before  the  females  lay  their  eggs. 
The  problem  here  is  not  only  to  select  the  best  insecticides  but  also  to  de- 
termine the  best  time  to  apply  them  and  the  best  method  of  application. 
Systemic  insecticides,  which  are  absorbed  by  the  plant  tissue  and  kill  in- 
sects feeding  thereon,    are  being  studied  intensively. 


WHAT   TO   EXPECT 


Control  of  the  wheat  stem  sawfly  through  the  use  of  insecticides  is 
possible  but  has  not  yet  proved  practicable.  The  principal  difficulty  en- 
countered in  developing  methods  of  control  through  the  use  of  insecticides 
is  the  fact  that  the  insect  spends  all  of  its  life  cycle,  excepting  1  to  2 
weeks,  within  the  stem  of  the  plant.  Nevertheless,  research  on  new  in- 
secticides and  means  of  reaching  and  killing  the  sawfly  with  them  is  still  a 
field  for  continuing  investigation. 
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The  most  promising  solution  to  the  sawfly  control  problem  at  pres- 
ent, however,  is  the  finding  of  greater  resistance  in  any  varieties  of  wheat 
and  transferring  such  resistance  into  varieties  that  have  all  other  essen- 
tial agronomic  qualities  that  make  a  wheat  acceptable  to  growers  and  to 
the  trade. 

The  development  of  a  new  variety  is  a  time-consuming  task.  On  the 
average  it  takes  8  years,  and  sometimes  10,  to  develop  a  comnnercial  var- 
iety. Another  2  years  is  required  to  multiply  the  seed  so  it  will  be  gener- 
ally available  to  growers. 

Sawfly  resistance  is  only  one  of  several  characters  that  a  commer- 
cial wheat  must  possess  to  be  successful  in  the  northern  Great  Plains. 
American  breeders  have  already  developed  lines  that  equal  Rescue  in  saw- 
fly  resistance.  They  are  now  concentrating  their  energies  on  breeding 
into  these  lines  other  characters  demanded  by  American  growers,  but 
lacking  in  Rescue  under  our  conditions--resistance  to  rust  and  smut,  good 
yielding  ability,   and  good  milling  qualities. 
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